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The DNA of the bobwhite quail (Colinus virginianus) 
and New Zealand white rabbit was examined using isopycnic 
centrifugation in neutral CsCl, alkaline CsCl and 
HgK+'Cs2S04. When quail DNA was centrifuged in neutral 
CsCl, two low density minor bands (satellite DNA) were 
detected in addition to the main band DNA. Main band DNA 
had a buoyant density of 1.717 g/ml. The larger of the 
two minor bands had a buoyant density of 1.713 g/ml while 
the smaller of the two minor bands had a buoyant density 
of 1.680 g/ml. The main band has a G+C content of 63.7% 
while the satellites, I and II, have G+C contents of 51.5 
and 42.9%, respectively. Thermal dénaturation studies were 
used to confirm the base composition data obtained from the 
buoyant density data. 
in 
When DNA from the rabbit was examined, two minor bands 
were detected on the light side of the gradient in addition 
to the main band. The two satellite DNAs, I and II, have 
buoyant densities of 1.697 g/ml and 1.679 g/ml and 
represent 5 and 2% of the total DNA, respectively. The 
main band has a buoyant density of 1.718 g/ml. 
These data indicate that the bobwhite quail and New 
Zealand white rabbit genome contain highly repetitive 
DNA sequences which are clustered and band as distinct 
satellites in neutral CsCl. 
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Some repetitive fragments that are present in large 
numbers can be distinguished from the bulk of the DNA by 
their characteristic density in equilibrium CsCl gradients. 
Depending on their base composition, such fragments 
centrifuge at a position somewhat removed from the bulk of 
the DNA and form a distinct band called satellite DNA. 
Satellite DNAs are defined as DNA fractions which band at 
positions away from that of the main band in cesium salt. 
Some organisms may produce more than one satellite band 
which becomes evident only after special methods, such as 
centrifugation in a heavy metal-containing CS2SO4 gradi¬ 
ent, Ag + -Cs2S04 or Hg + + -Cs2SC>4. Satellite DNA has not 
been observed in all organisms, in fact, most discrete 
satellites have only been seen in, and isolated from, 
rodent, insect and amphibian tissues. However, organisms 
without satellite bands of grossly different density can 
have multiple repeated sequences whose average density 
does not lead to separation in CsCl (Strauss, 1974). 
Satellite DNAs are composed of simple (oligomeric) 
sequences tandemly repeated, with variable accuracy, hun¬ 
dreds or thousands of times without interruption (Waring 
and Britten, 1966; Bond ejt aJ. , 1967; Southern, 1970; Gall 
and Atherton, 1974; Goldring et al., 1975; Walker, 1971 
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(review). Main band DNA usually contains highly repeated 
as well as moderately repeated sequences. A highly 
repeated DNA may have a density similar to the bulk of 
the DNA (a cryptic satellite; Walker, 1971) or similar to 
other repeated species (Skinner et_ al. , 1970; Skinner and 
Beattie, 1973; Gall et a_l. , 1971; Endow ert al. , 1975). 
Thermal dénaturation experiments are used to deter¬ 
mine some biophysical properties of DNA. The dénaturation 
of DNA is accompanied by changes in molecular configuration 
which are reflected by striking alterations in viscosity, 
optical rotation, buoyant density, light scattering and 
extinction coefficient. The degree of stability of DNA 
in the native, double-stranded configuration to various 
denaturing agents has been correlated with the content of 
guanine plus cytosine(GC) base pairs of DNA samples iso¬ 
lated from a variety of sources, and the thermal stability 
of DNA is found to increase linearly with an increase in 
GC content (Mandel and Marmur, 1968). 
The nuclei of eukaryotic cells contain much more DNA 
than is accounted for by current knowledge of the require¬ 
ments for coding and metabolic regulation. Satellite DNA 
is relatively easy to isolate and there are not many clues 
that explain its function in the cell. 
The present study was undertaken to determine by 
isopycnic centrifugation in CsCl and heavy metal CS2SO4 
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gradients whether or not satellite sequences are present 
in bobwhite quail (Colinus virginianus) DNA and New Zealand 
white rabbit DNA and to study some of the biophysical 
properties of their total DNA. 
CHAPTER II 
REVIEW OF LITERATURE 
The presence of satellite DNA's has been shown in 
several animal species (Kit, 1961; Schildkraut et al., 
1962). Mouse satellite DNA has been extensively studied 
(Bond et. al. , 1967 ; Chun and Littlefield, 1963; Corneo 
et al. , 1968 ; FIamm ejt al. , 1967 ; Flamm et; ad.. , 1969 ; Kit, 
1961; Maio and Schildkraut, 1967; Schildkraut and Maio, 
1968; Walker and McLaren, 1965; Waring and Britten, 1966). 
In 1961 Kit reported that mouse nuclear DNA could be 
separated into two fractions by centrifugation to equilib¬ 
rium in a neutral CsCl density gradient. Approximately 
90% of the DNA will form a single main band with a 
density of 1.70 g/ml and the remaining 10% forms a satel¬ 
lite band with a density of 1.69 g/ml. Reassociation 
kinetics suggested that mouse satellite DNA consists of 
about 350 base pairs in length, per haploid set of chromo¬ 
somes (Waring and Britten, 1966). Human DNA has been shown 
to contain at least four satellite DNA's in isopycnic 
CS2SO4 gradients. Human satellite DNA I is concentrated, 
mainly in centromeric constitutive heterochromatin, on 
many chromosomes but is especially obvious in the floure- 




Chimpanzee DNA was found to contain two satellite 
fractions when centrifuged in Ag+-Cs2SC>4 density gradi¬ 
ents: satellite A with a buoyant density of 1.69 g/cm^ 
and satellite B with a buoyant density of 1.683 g/cm^ 
(Prosser e_t ad., 1973). Some other mammals containing 
satellite DNA's are the bovines, with a main component 
containing 44% GC and a satellite component containing 
52% GC (Cheng and Sueoka, 1963; Polli et_ ad., 1965). 
The guinea pig DNA contains two major fractions : a major 
component of 37% GC and a satellite containing 43% GC 
(Kit, 1961). Hennig and Walker (1970) have demonstrated 
the presence of two satellite components in guinea pigs: 
one has a density (1.706 g/ml) in neutral CsCl, the other 
is hidden in the main band during neutral CsCl density 
centrifugation but can be resolved in CS2SO4 or alkaline 
CsCl density gradients. 
In studies of small mammals, it was discovered that 
Tetraogallus himalayensis exhibited a great deal of satel¬ 
lite DNA. The satellites of this species comprise more 
than one-half of the total cell DNA. 
Satellite DNA has also been reported in several 
species of Drosophila. In Drosophila virilis, four major 
peaks are distinguishable. These correspond to the main 
peak sequences (p = 1.700) and three large satellites 
numbered, respectively, I (p = 1.692), II (p = 1.688) and 
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III (p = 1.671) (Gall e_t al. , 1973) . A major fraction 
(^80%) of the highly repeated DNA sequences from 
Drosophila melanogaster has been isolated as well-defined 
satellites by buoyant-density-centrifugation in CsCl 
gradients containing DNA binding antibiotics. Four major 
satellites of densities 1.672 g/cm^, 1.686 g/cm^, 1.688 
g/cm3 and 1.705 g/cm^ were observed. Several minor 
satellites were found with one (1.600 g/cm^) apparently 
representing linkage molecules resulting from covalent 
joining of large blocks of the major satellites. In a 
study of several species of the Drosophila hydei group, 
Hennig e_t al. (1970) demonstrated that certain repetitive 
satellite DNA species are located in the centromeric hetero¬ 
chromatin, while others may be more widely spread in the 
genome. 
In the species Drosophila novamexicana, D. americana 
americana and D. americana texana exist a striking common 
feature. Like virilis itself each has a satellite at p = 
1.691 g/ml to 1.692 g/ml which constitutes 20 to 25% of the 
total DNA and which separates in alkaline CsCl into light 
and heavy strands whose buoyant densities are approximately 
p = 1.798 g/ml and p = 1.687 g/ml (Gall and Atherton, 
1974) . 
The cytological distribution of satellite DNA in 
Rhynchosciara is similar to that of mouse satellite DNA 
(Jones, 1970; Pardue and Gall, 1969, 1970). The DNA of 
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Rhynchosciara hollaenderi was examined using isopycnic 
centrifugation in neutral CsCl. Two low density minor 
bands (collectively termed satellite DNA) were detected in 
addition to the main band DNA. Main band DNA has a buoyant 
density of 1.695 g/cm3. The larger of the two minor bands 
has a buoyant density of 1.680 g/cm^ while the smaller of 
the two minor bands has a buoyant density of about 1.675 
g/cm3. 
Nuclear DNA from liver cells of the Kangaroo rat species 
Dipodomys ordii was fractionated and characterized with the 
aid of buoyant density gradients in neutral and alkaline 
CsCl and in Ag+-Cs2SC>4. More than one-half of the DNA was 
present in these density satellites. All satellite frac¬ 
tions revealed sharp isopycnic bands and narrow dénatura¬ 
tion profiles. Two had identical buoyant densities but 
differed substantially in Tm, base composition, and reas¬ 
sociation kinetics. In alkaline CsCl all three satellites, 
as well as a shoulder of intermediate repetitive DNA on the 
heavy side of the principal band, revealed unique strand 
densities (Hatch and Mazrimas, 1974). 
Kurnit e_t al. (1973) isolated four distinct nuclear 
satellite DNAs from calf (Bos taurus) and buoyant density- 
gradient centrifugation was used to study the physical 
properties of native, single-stranded and renatured duplex 
molecules of each of the four satellite DNAs. Calf satel¬ 
lite I has a p = 1.716 g/ml, satelitte II has a p = 1.722 
8 
g/ml, satellite III has a p= 1.706 g/ml, and satellite 
IV has a p = 1. 709 g/ml. 
DNA isolated from several tissues of the land crab, 
Gecarcinus 1ateralis, contains three components (Skinner, 
1967): a main band (781 of the total DNA; density of 1.701 
g/cm3 and a satellite rich in guanylate and cytidylate 
residues (d (G+C)- rich satellite; 4% of the total: p = 
1.721 g/cm^ and a satellite composed of more than 90% 
alternating adenylate and thymidylate residues (d (A-T) 
satellite; 18% of the total: p = 1.677 g/cm3 (Skinner, 
1967). Two double stranded DNA’s (satellites I Ç II) of 
identical density have been isolated from tissues of the 
hermit crab, Pagurus pollicaris. Base compositional anal¬ 
yses indicate that satellite DNA I has one strand contain¬ 
ing 50% deoxyguanylate residues but is essentially free of 
deoxycytidylate (<3%); compositional analyses of the other 
strand give 47% deoxycytidylate and less than 2% deoxy¬ 
guanylate. The DNA of the edible blue crab (Callinectes 
sapidus) has an (A+T)- rich satellite with the same density 
in CsCl as poly[d(A-T)] = 1.677 g/cm^. Another (A+T)- rich 
satellite (p = 1.684 g/cm^), comprising approximately 0.5% 
of the DNA of the spider crab (Maj a squinado), has inter¬ 
strand bias in base composition and consequently separates 
into two distinct bands (p = 1.738 g/cm^ and p = 1.752 
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g/cm^) in alkaline CsCl. When reneutralized, the two 
strands formed a single peak 0.015 g/cm^ more dense 
than the native DNA, which is the commonly observed 
difference between native and denatured DNA in neutral 
CsCl. The crayfish (Procambarus blandingii blandingii) 
has an (A+T)-rich satellite with a density of 1.682 
g/cm^ (Beattie and Skinner, 1972). 
In the snake, Ptyas mucosus, male DNA has a repeti¬ 
tious DNA satellite (p = 1.700 g/cm^) constituting 51 
of the haploid genome (Singh et aJ., 1976). Cucumber 
DNA has been shown to have a large percentage of heavy 
satellite DNA (Ingle e_t a_l. , 1973). 
Satellite DNA has also been reported in the fibro¬ 
blasts of Aves (Comings and Mattocia, 1970; Brown and 
Jones, 1972). Analytical centrifugation of Japanese quail 
DNA demonstrated a main band with a buoyant density of 
1.701 g/ml and a satellite of about 5% of the total DNA 
at a density of 1.715 g/ml. Edwards and Coleman 
(1973) have demonstrated the presence of four satellite 
bands in the chicken myoblasts. The four satellite bands 
representing about 61 of the total DNA appeared in Hg+ + - 
CS2SO4 gradients at densities of 1.544, 1.473, 1.471 
and 1.445 g/ml, respectively, in addition to the main band 
at 1.517 g/ml. In neutral CsCl, three of the satellites 
(1.544, 1.445 and 1.473) had buoyant densities of 1.697, 
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1.710, and 1.706 g/ml, respectively. 
CHAPTER III 
MATERIALS AND METHODS 
DNA Extraction 
Embryos were dissected from 10-12 day old bobwhite 
quail eggs, weighed and placed in SSC (0.15 M NaCl and 
0.015 M Na Citrate, pH 7.0 t 0.2). This buffer maintains 
ionic strength of dissolved DNA and chelates divalent 
ions. A small amount of SSC was used at this point 
because the buffer, SSC, was added according to the 
grams of tissue used. For every 1 g of tissue, 4 vol of 
SSC were added (this includes the small amount of SSC 
already added). The tissue was homogenized on an omni mixer 
at 4 C, and brought up to II SDS(sodium dodecyl sulfate) 
with 10% SDS. The homogenate was shaken for 1 hr at 25 C. 
Afterwards, 300 mg of solid NaCl per ml of SSC was added, 
and shaken for 30 min at 25 C. An equal volume of CIA 
(chloroform - isoamyl alcohol), 24:1 ratio, respectively, 
was added, shaken for 1 hr at 25 C and centrifuged at 
5,000 RPM for 15 min. The aqueous phase was removed, 
Sevaged again for 15 min, and spun in the centrifuge at 
5,000 RPM. The aqueous phase was removed and diluted with 
2-2.5 vol of absolute alcohol. Absolute alcohol precipi¬ 
tated the nucleic acids and contaminating proteins. The 
precipitated DNA was pelleted by centrifugation and re¬ 
dissolved in 1-3 ml of 0.1XSSC. The DNA solution was 
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further purified by digestion with ^-amylase, pancreatic 
RNase, and T^RNase at a final concentration of 50 yg/ml 
at 37 C for 1 hr. The enzymes were obtained from Sigma 
Chemical Company. Pronase (50 yg/ml) was added to the 
nucleic acid and incubated for 2 hr at 37 C. The con¬ 
centration of the DNA solution was brought up to 0.5% 
with 10% SDS and up to 1XSSC with 10XSSC. An equal 
volume of CIA was added and the lysate was shaken for 
15 min, and centrifuged at 5,000 RPM for 15 min. The 
aqueous phase was removed, Sevaged twice, placed in dial¬ 
ysis tubing and dialyzed for 75 hr against 0.1XSSC. The 
DNA was dialyzed to get rid of the extracting solutions 
and to equilibrate the DNA in 0.1XSSC buffer. The purity 
of the DNA was tested by reading the optical density at 
260 nm, 240 nm, 280 nm and 320 nm. A ratio . of 2 and 
above indicated the purity of the preparation (260/280=2; 
260/230=2.3). 
Preparative Neutral CsCl Gradients 
CsCl gradients are used as important tools for 
precise and relatively simple determinations of base com¬ 
position (% G+C) of DNA, providing that no unusual bases 
are present (Szybalski, 1968). Gradients (4.5 ml) 
were prepared and spun 40 hr at 25 C at 48,000 RPM in 
a Beckman ultracentrifuge using the Type 50 rotor. 
Approximately 300 yg of DNA was used for each gradient. 
The DNA solution (1.11 g) was placed in a cellulose 
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nitrate tube or a polyallomer tube, with 6,52 g of 
saturated CsCl (7.7 M) in 0.1XSSC, the refractive index 
read at 25 C (N°25C) } and the density of the gradient 
was adjusted to 1.700 g/ml. The gradients were centri¬ 
fuged at 50,000 RPM for 24 hr at 4 C in a Beckman L5-75 
Preparative Centrifuge. The tubes were punctured, frac¬ 
tionated, the absorbancy measured at 260 nm, and plotted 
against the fraction number. The main band and the satel¬ 
lite DNA were readily identified. Some fractions were 
pooled after each run for further study. 
Preparative Alkaline CsCl Gradients 
The alkaline CsCl gradients were spun for 40 hr at 
23 C at 49,000 RPM in a Type 50 rotor. In these gradi¬ 
ents, polyallomer tubes were used to prevent the loss 
of DNA. The gradients consisted of 1.21 g of DNA solu¬ 
tion containing a minimum of 200 yg of DNA, 12.5 g of 
saturated CsCl, and 0.35 g of 1 N NaOH which brought the 
total volume up to 8.1 ml. The density of the gradient 
was 1.740 g/ml with a N^25C Gf 1.403. The gradients were 
centrifuged, fractionated (four drop fractions), the 
absorbancy measured at 260 nm and plotted against the 
fraction number. 
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Analytical Neutral CsCl Gradients 
When doing the analytical gradients, the Model E 
Analytical Ultracentrifuge with ultraviolet absorption 
optics and 4-hole An-F rotor with two or three sets of 
four cells were used. To prepare this gradient, 0.869 g 
of saturated CsCl in 0.1XSSC and 0.147 g of DNA solution 
were used. The DNA solution was composed of 2 y g of marker 
DNA (Micrococcus luteus) and a small volume of 0.1XSSC. 
The ND25C was 1.3994 with a density (p) of 1.700 g/ml 
and a total volume of 0.6 ml. The gradient was centri¬ 
fuged for 19 to 24 hr at 44,000 RPM at 22 C. The pur¬ 
pose of the Model E Analytical Ultracentrifuge was to 
produce high centrifugal forces in order to measure 
the movement or redistribution of sedimenting particles. 
Analytical Alkaline CsCl Gradients 
These gradients were also run in the Model E 
Analytical Ultracentrifuge and consisted of 3 yg of 
DNA, 0.08 ml of 0.1 N NaOH, 0.68 g CsCl, and 2 yl of M. 
luteus DNA. The N^25C was 1.4030 with a pH of 13.5. 
Before setting up the Cs2S04 gradients (prepara¬ 
tive or analytical), DNA samples were dialyzed against 
0.005M of sodium tetra-borate buffer, pH 9.2. The two 
types of CS2SO4 gradients used were Hg++ and Ag+-Cs2SÛ4. 
The Hg+ + -Cs2SÛ4 and Ag+-Cs2SC>4 gradients were prepared in 
the same way except one used mercury and the other silver. 
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Preparative CSQSOA Gradients 
These gradients were prepared by using 4.4 g of solid 
Cs2S04, 1.73 ml of DNA (300 yg) and 1.73 ml of 5X10
-3 
borate buffer. If a Ag+-Cs2S04 gradient were set up, 
0.001 M AgNOj was added to the gradient required for 
the desired ratio. If a Hg++-Cs2S04 gradient were being 
set up, 0.001 M HgCl2 was added according to the desired 
ratio. The N^25C Gf the gradient was 1.3740 with a 
density of 1.500 g/ml. The gradients were centrifuged 
at 49,000 RPM for 40 hr at 23 C, fractionated, the optical 
density taken, and plotted against the fraction number. 
Analytical CS7SO4 Gradients 
These gradients were run in the Model E Analytical 
Ultracentrifuge. The Hg++ and Ag+-Cs2SC>4 gradients were 
set up in different ratios. For Hg++, the ratios (Rf) 
were 0.1, 0.2, 0.3 and 0.50 and the Ag+ ratios were 0.26, 
0.27, 0.30 , and 0.35. For each gradient, 10 y g of DNA in 
borate buffer (0.005 M NagB^Oy) , 0.20 ml of borate buf¬ 
fer (0.005 M Na2Br4C>7) , 0.5 g of CS2SO4 and the Hg++ or 
Ag+ was added dropwise. The amount of Hg++ or Ag+ was 
added according to the desired ratio. 
RNA Extraction 
Before beginning the RNA extraction, all glassware 
was heated overnight at 300 F to inactivate RNase and 
handled with gloves. The RNA extraction was carried out 
at 4 C. Twelve day chicken embryos and rabbit liver 
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were the sources of RNA. The tissue was dissected, placed 
in 8 vol of extraction buffer (0.01 M sodium acetate, 4 
yg/ml polyvinyl sulfate (PVS), pH 5.0) and homogenized in 
a Dounce homogenizer. After homogenization, 10% sodium 
lauryl sulfate (SLS) was added (1% final concentration 
to lyse the cells). The RNA solution was shaken for 30 
min in the cold and an equal volume of m-cresol, re¬ 
distilled H2O saturated-phenol,-8-hydroxyquinoline 
solution was added. The suspension was then shaken 
manually for 1 hr at 4 C. The aqueous phase was separated 
by centrifugation at 4 C for 10 min at 5,000 RPM and re¬ 
extracted again with the phenol reagent, shaken for 1 hr 
at 4 C and centrifuged. The supernatant was mixed with 
0.1 vol of 1 M NaCl, precipitated with 2 vol of absolute 
alcohol and precipitated overnight. The RNA was col¬ 
lected by centrifugation at 15,000 RPM for 30 min and 
washed by resuspending in 80% ETOH. The ethanol removed 
any remaining phenol. After each resuspension, the RNA 
was centrifuged at 15,000 RPM for about 10 min. The 
pellet of RNA was dried, redissolved in the 0.01 M sodium 
acetate, PVS buffer, pH 5.0, dialyzed against 0.01 M 
sodium acetate, PVS buffer for 72 hr and stored at -20 C. 
Sucrose Gradients 
Sucrose gradients used to fractionate RNA were 
prepared by using 5.5 ml of 5% sucrose and 5.5 ml of 
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20% sucrose. The gradients were equilibrated for 3 hr or 
more in the cold room. After equilibration, 750 yg of RNA 
were layered onto the gradient and centrifuged for 7 hr at 
40,000 RPM at 4 C in a Spinco SW41 rotor. Fractions were 
collected through a hole pierced in the bottom of the tube 
and the absorbance of each fraction determined at 260 nm. 
After the fractions had been collected, the 18 S and 28 S 
fractions were pooled while the 5 S and 4 S fractions were 
pooled separately. The rRNA fractions (18 S and 28 S) were 
pooled, brought to 0.1 M in NaCl and then precipitated with 
2 vol of 95% ethanol at -20 C. The rRNA was used for DNA-RNA 
filter hybridization. Hybrids (DNA-RNA) were formed by in¬ 
cubating the DNA-containing filters in glass scintillation 
vials which contained owl monkey ^H-rRNA in 2XSSC for 16 hr 
at 65 C. Filters were removed, rinsed briefly in 70% ethanol, 
dried for 45 min at 65 C, submerged in Toluene-POPOP and 
counted in a Beckman Scintillation Counter. 
Melting temperature profiles of RNA-DNA hybrids and DNA 
were determined by the method of Mandel and Marmur (1968). 
Samples, dissolved in 0.1XSSC, were placed in Teflon stop¬ 
pered quartz cuvettes with a 1cm light path. The optical 
density, at 260nm, of the DNA solutions was continuously 
monitored during heating with a Gilford 240 Spectrophotometer 
while the temperature of each sample was carefully monitored. 
The absorbance value for each fraction was corrected for ther¬ 
mal expansion and plotted against the temperature. 
CHAPTER IV 
RESULTS 
Fractionation of DNA by Equilibrium Density Gradient 
Centrifugation: Analysis of DNA in Neutral and 
Alkaline CsCl 
The purpose of these experiments was to examine the 
biophysical properties of bobwhite quail (Colinus 
virginianus) and New Zealand white rabbit DNA in neutral 
and alkaline cesium chloride gradients. 
The DNA used in these experiments had a 260/280 nm 
and 260/230 nm absorption ratio of about 2.0. The DNA 
from 12 day bobwhite quail embryos (Fig. 1) and freshly 
killed New Zealand white rabbit liver tissue (Fig. 2) was 
banded by isopycnic centrifugation in neutral cesium 
chloride density gradients. Analytical centrifugation 
in neutral cesium chloride of the bobwhite quail total 
DNA revealed a single non-Gaussian band with a buoyant 
density of 1.717 g/ml, which corresponds to a G+C 
content of 581. 
Analytical centrifugation in neutral cesium chloride 
of the New Zealand white rabbit liver DNA revealed a 
single non-Gaussian band with a buoyant density of 1.718 
g/ml, which corresponds to a G+C content of 591. The 
absence of satellite DNA in these gradients may be 
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attributed to the small amount of DNA used or the percent 
total represented by the satellite sequences. 
Preparative neutral cesium chloride profiles of bob- 
white quail total DNA (Fig. 1) revealed that there were 
two satellites present on the light shoulder. The main 
band DNA of the bobwhite quail had a buoyant density of 
1.717 g/ml and the two satellites have a density of 1.713 
g/ml and 1.680 g/ml, respectively. 
Using the formula of Schildkraut, et_ a_l. (1962) for 
the determination of base composition from buoyant density, 
the average G+C content of main band DNA in the bobwhite 
quail would be 58%, while the average G+C content of the 
two satellites would be 54% and 20%. 
In the New Zealand white rabbit liver DNA the main 
band had a buoyant density of 1.718 g/ml (Fig. 2) and the 
two satellites had a buoyant density of 1.697 g/ml and 
1.679 g/ml, respectively. The average G+C content of main 
band DNA in the New Zealand white rabbit was 59%, while the 
average G+C content of the two satellites was 38% and 19%. 
DNA from bobwhite quail embryos and New Zealand white 
rabbit liver was preparatively centrifuged in alkaline ce¬ 
sium chloride with a pH of 13.5. Figure 3 (bobwhite quail) 
shows that there is no bias in the G+C content of the com¬ 
plementary strands and that a main band and two satellites 
were present on the light side of the gradient. 
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Figure 4 (New Zealand white rabbit) reveals the major 
peak (main band) and two satellites on the light side of 
the gradient. There is no bias in the G+T content of the 
complementary strands. 
Hybridization Properties of DNA Fractionated 
in Preparative Neutral CsCl Gradients 
To further characterize total DNA, filter hybridi¬ 
zation experiments were done to determine the position in 
the gradient of the genes which code for ribosomal RNA. 
Filters, with DNA absorbed to them, were incubated with 
*7 
owl monkey kidney H-rRNA (cells donated by Dr. Louise 
Miller) for 16.5 hr. The hybridization peaks were on the 
heavy side of the gradient for both species of DNA as they 
should be because of the GC-richness of ribosomal DNA. 
These data indicated that the genes for ribosomal RNA were 
not localized in the satellite bands of bobwhite quail 
(Fig. 5) or rabbit (Fig. 6) DNA. 
Melting Profiles of Total, Main 
Band and Satellite DNA 
Thermal dénaturation provides a convenient method of 
following the transition of native to denatured DNA 
(Mandel and Marmur, 1968). Thermal dénaturation studies 
were used to characterize total DNA that had been centri¬ 
fuged, collected, pooled and dialyzed against 0.1XSSC. 
Thermal dénaturation was carried out according to the 
method described by Schildkraut et_ aJ. (1968). 
21 
In the bobwhite quail (Fig. 7), the main band DNA 
was 82% of the total DNA, and satellite DNA I and II 
were 10% and 8% of the total DNA, repsectively. The 
main band DNA melted at a Tm of 80 C, which represented 
a G+C content of 63.7%. Satellite DNA I melted at a 
Tm of 75 C, which represented a G+C content of 51.5%, 
and satellite DNA II melted at a Tm of 71.5 C, which 
represented a G+C content of 42.9%. The Tm was calcu¬ 
lated as the temperature at the midpoint of the increase 
in absorbance (Owen e_t al. , 1969) . 
In the New Zealand white rabbit liver DNA (Fig. 
8), the main band DNA was 93% of total DNA, and satel¬ 
lite DNAs I and II were 5% and 2% of the total DNA. 
The main band DNA melted at a Tm of 79 C, which repre¬ 
sented a G+C content of 61%. Satellite DNA I melted at 
a Tm of 74 C, which represented a G+C content of 42%,and 
satellite DNA II melted at a Tm of 70 C, which represented 
a G+C content of 39%. 
Ultracentrifugation of DNA in Heavy Metal - 
CS7SO4 Density Gradients 
Density gradients of cesium salts have long been used 
to separate and characterize DNAs of various organisms 
(Szybalski, 1968). Differences in density of two DNA 
species can be increased by binding mercury to AT-rich 
DNAs (Davidson ejt ad. , 1965) or silver to G-rich DNAs 
in CS2SO4 gradients. These techniques are particularly 
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useful for separation of those satellite DNAs that have 
very marked base compositional biases. Silver ion and 
mercuric ion form complexes with the nucleic acids and 
with polynucleotides which undoubtedly involve covalent 
bond formation with the purine and pyrimidine moieties, 
and probably electron-pair bonds to 6-electron pairs of 
nitrogen atoms. 
Hg++-Cs2S04 Density Gradients 
The fractionation of DNA in Hg++-Cs2S04 density 
gradients was performed according to the technique of 
Nandi e_t al_. (1965). The complexing of calf thymus DNA 
by mercuric ions was first studied by Katz (1952) and 
later by Thomas (1954). In the bobwhite quail (Fig. 
9) and New Zealand white rabbit (Fig. 10), the satellites 
were not visible at a ratio of Hg++/DNA-P04 of 0.1. 
Therefore these results indicated the higher Hg++/DNA-PC>4 
ratios were required to isolate the satellites in both 
rabbit and bobwhite quail. 
Moving Boundary Sedimentation 
The purpose of the moving boundary sedimentation was 
to determine the molecular weight of the DNA. The molecu¬ 
lar weight of the total DNA in the bobwhite quail was 
3X106 daltons. The single stranded DNA has a molecular 
weight of 1.5X106 daltons. 
In the New Zealand white rabbit, the molecular weight 
of the total DNA was 6X10^ daltons. The single stranded 
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DNA had a molecular weight of 3X10^ daltons and the 
double stranded DNA had a molecular weight of 6X105 
daltons. 
These data indicate that the DNA used in all of 
these experiments was of high molecular weight and 
further confirm observations that satellite sequences 
can be detected in the absence of low molecular weight 
fragments or sheared fragments of DNA. 
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Fig. 1. Preparative Neutral CsCl Gradient of bobwhite 
quail total DNA. DNA was extracted from 9-12 
day old quail embryos and fractionated on a 
4.5 ml CsCl gradient. The gradient was spun 
40 hr at 25 C, 45,000 RPM in a Type 50 alumi¬ 
num rotor. Four drop fractions were collected 
and the fraction number plotted against the 
optical density (260 nm) of each fraction. 
The main band DNA has a buoyant density of 
1.717 g/ml while the satellites, I and II, 




Fig. 2. Preparative Neutral CsCl Gradient of New 
Zealand white rabbit liver DNA. DNA was 
extracted from freshly killed rabbit liver 
and fractionated on a 4.5 ml CsCl gradient 
by spinning on 40 hr at 25 C, 45,000 RPM 
in a Type 50 aluminum rotor. Four drop 
fractions were collected, read and, the 
fraction number was plotted against the 
optical density (260 nm) of each fraction. 
The main band DNA has a buoyant density of 
1.718 g/ml while satellites I and II have 





Fig. 3. Preparative alkaline CsCl gradient of 
bobwhite quail total DNA. Total DNA ex¬ 
tracted from 9-12 day old embryos was 
preparatively centrifuged in alkaline 
CsCl with a pH of 13.5. The fraction 
number was plotted against the optical 
density (260 nm) to see if there is a 




Fig. 4. Preparative alkaline CsCl gradient of New 
Zealand white rabbit total liver DNA. DNA 
was extracted from freshly killed rabbits 
and preparatively centrifuged in alkaline 
CsCl with a pH of 13.5. The fraction 
number was plotted against the optical 
density, 260 nm. 
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Fig. 5. Hybridization of radioactive rRNA obtained 
from cultured owl monkey cells to bobwhite 
quail (Colinus virginianus) DNA immobilized 
on nitrocellulose filters. The hybridiza¬ 
tion peaks are located on the heavy side of 
the gradient. The main band has a density 
of 1.717 g/ml. The rRNA was used at a 



















Fig. 6. Hybridization of radioactive rRNA obtained 
from cultured owl monkey kidney cells to 
New Zealand white rabbit DNA immobilized on 
nitrocellulose filters. The hybridization 
peaks are located on the heavy side of the 
gradient. The main band has a density of 
1.718 g/ml. The rRNA was used at a specific 











Fig. 7. Melting profile of DNA from bobwhite quail 
(Colinus virginianus) in 0.1XSSC, pH 7.0. 
Main band DNA melted at a Tm of 80 C; satel¬ 
lite DNA I melted at a Tm of 75 C, and 




Fig. 8. Melting profile of DNA from New Zealand 
white rabbit total liver DNA in 0.1XSSC, 




Fig. 9. Optical density profile of bobwhite quail 
total DNA centrifuged to equilibrium in a 
Hg++-Cs2S04 gradient in the preparative 
ultracentrifuge. The DNA was titrated with 
HgCl2 to obtain a Hg++/DNA-P04 molar ratio of 
0.10 and centrifuged in CS2SO4 as described 
in Materials and Methods. 
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Fig. 10. Optical density profile of New Zealand 
white rabbit total liver DNA centrifuged 
to equilibrium in a Hg++-Cs2SÛ4 gradient 
in the preparative ultracentrifuge. The 
DNA was titrated with HgCl2 to obtain a 
Hg++/DNA-P04 molar ratio of 0.10 and 
centrifuged in CS2SO4 as described in 




The DNA's of bobwhite quail (Colinus virginianus) 
and New Zealand white rabbit were isolated by isopycnic 
centrifugation in order to determine if satellite DNA’s 
were present and to examine some biophysical characteris¬ 
tics of each satellite DNA. The results indicated that 
the isolation of satellites from bobwhite quail 
(Colinus virginianus) and New Zealand white rabbit and 
some of the biophysical characteristics can be studied 
by isopycnic centrifugation. 
The technique, CsCl equilibrium density gradient 
centrifugation, is an equilibrium method which determines 
the buoyant density of the macromolecular species. The 
gradient is self-generating in the centrifugal field, 
and its density range is so adjusted as to be denser 
at the bottom of the tube and less dense near the 
meniscus than the macromolecular species (Szybalski 
and Erikson, 1964). Equilibrium density gradient centri¬ 
fugation is now a well established technique, practically 
indispensable in modern biological laboratories. It 
permits the determination of many physical and chemical 
parameters for biological macromolecules and thus helps 
to characterize these entities. Equilibrium density 
gradient centrifugation can be and is applied to small 
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and large scale fractionation of various kinds of RNA 
and DNA molecules. 
The satellites in New Zealand white rabbit and 
bobwhite quail (Colinus virginianus) were first observed 
by preparative neutral CsCl centrifugation. Prepara¬ 
tive centrifugation of both species revealed a major 
band and two minor bands (satellites) located on the 
light side of the gradient. Analytical centrifugation 
of the two species revealed two satellites, also. 
Alkaline CsCl gradients of bobwhite quail (Colinus 
virginianus) and New Zealand white rabbit showed that 
there is no bias in the G+T content of their complementary 
strands. 
When correct Ag+/DNA-P04 molar ratios were used, 
centrifugation through gradients of CS2SO4 which contain 
silver ions improves the resolution of satellite DNA's. 
Heavy metal cesium sulfate density gradients have been 
used to isolate satellite DNA's from several species: 
yeast (Retel and Planta, 1972) ; Drosophila virilis (Gall 
and Atherton, 1974); Xenopus laevis and X. mulleri 
(Brown e^t ad. , 1971; Brown et_ al. , 1973); mouse (Corneo 
et al. , 1972 ; Fillipski et cÇL. , 1973; Kurmit and Maio, 
1973); ox (Corneo et_ al. , 1968 , 1970); African green 
monkey, (Maio, 1971; Kurnit and Maio, 1973) and human 
(Corneo et al. , 1968, 1970 , 1971, 1972 ; Jones et. al. , 
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1973; Chuang and Saunders, 1974). 
When a solution of DNA is heated, very striking 
changes occur in many of its physical properties, such 
as viscosity, light scattering and optical density. 
The dénaturation or melting of DNA is usually character¬ 
ized by the temperature of the midpoint of transition 
(Tm) sometimes referred to as the melting temperature. 
The process represents the disruption of the double 
helix of DNA into seperated single strands (Lewin, 
1974) . 
The buoyant density data for the quail DNA was in 
agreement with the melting profile data. However, the 
data for the rabbit DNA in neutral CsCl differed greatly 
from the melting profiles. The buoyant density indicated 
a G+C content of 59% for the main band while the Tm 
indicated a G+C content of 61%. This discrepancy may 
be in the nucleotide sequence of the DNA. If many of 
the guanine and cytosine residues are clustered, the Tm 
will be higher, thus indicating a higher G+C content. 
A similar type of observation was made with mouse DNA 
(Gall and Pardue, 1971). Further studies can be done 
by using the technique of in situ molecular hybridiza¬ 
tion (Gall and Pardue, 1971) to examine the chromosomal 
distribution of satellite DNA. Renaturation experiments 
can be done to reveal the total length of sequences in 
each component, the average repetitive frequency and 
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base compositional analysis. 
These data indicate that satellite components are 
present in both species of eukaryotes studied and that 
they are lower in GC content than the main band. The 
observations further indicate that the ribosomal genes 
are located within the GC-rich molecules of the genomes 
of quail and rabbit DNA. 
CHAPTER VI 
SUMMARY 
1. In bobwhite quail (Colinus virginianus) and New Zealand 
white rabbit, a major peak (main band DNA) and 
two minor peaks (satellite DNA) were isolated in 
preparative and analytical neutral cesium chloride 
gradients. 
2. In preparative alkaline cesium chloride gradients 
of bobwhite quail (Colinus virginianus) and New 
Zealand white rabbit DNA, there was no bias in the 
G+T content of the complementary strands as indi¬ 
cated by a single Gaussian band. 
3. Hybridization experiments revealed that the genes 
for ribosomal RNA were not localized in the satel¬ 
lite bands of bobwhite quail or New Zealand white 
rabbit DNA. 
4. Melting temperature experiments on bobwhite quail 
revealed that the main band melted at a Tm of 80 
C, satellite DNA I at a Tm of 75 C and satellite 
DNA II at a Tm of 71.5 C. In New Zealand White 
rabbit DNA the main band melted at a Tm of 79 C, 
satellite DNA I at a Tm of 74 C and satellite DNA 
II at a Tm of 70 C. 
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